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E D I T O R I A L
DNA metabarcoding—Need for robust experimental designs to 
draw sound ecological conclusions
DNA	metabarcoding,	 especially	when	 coupled	with	 high‐through‐
put	 DNA	 sequencing,	 is	 currently	 revolutionizing	 our	 capacity	 to	
assess	 biodiversity	 across	 a	 full	 range	 of	 taxa	 and	 habitats,	 from	
soil	microbes	(e.g.,	Thompson	et	al.,	2017)	to	large	marine	fish	(e.g.,	
Thomsen	et	al.,	2016),	and	from	contemporary	to	tens	of	thousands	
year‐old	 biological	 communities	 (e.g.,	Willerslev	 et	 al.,	 2003).	 The	
breadth	 of	 potential	 applications	 is	 immense	 and	 spans	 surveys	
on	 the	 diversity	 or	 diet	 of	 species	 native	 to	 specific	 ecosystems	
to	bioindication	 (Pawlowski	 et	 al.,	 2018).	 The	 approach	 is	 also	 es‐










complementary	 expertises,	 including	 field	 and	 theoretical	 knowl‐















using	 bioinformatic	 pipelines.	 Despite	 this	 apparent	 simplicity,	






which	are	all	 largely	dependent	on	the	 targeted	organisms,	 their	
biomass,	and	the	ecosystem	considered.	A	correct	assessment	of	
an	ecological	phenomenon	based	on	DNA	metabarcoding	require	




boreal	 organisms/ecosystems;	 Barnes	&	Turner,	 2016).	 Likewise,	









Soubrier,	 Weyrich,	 &	 Cooper,	 2014;	 Deagle,	 Jarman,	 Coissac,	
Pompanon,	&	Taberlet,	2014).	Primer	biases	can	both	skew	abun‐
dance	profiles	and	lead	to	false	negatives.	PCR	amplification	can	











&	 Gilbert,	 2015).	 PCR	 amplicons	 are	 indeed	 often	 tagged	 with	
unique	 short	 nucleotide	 sequences	 added	 on	 the	 5’‐end	 of	 the	
primers	 (i.e.,	 “tags”),	which	allow	pooling	all	PCRs	within	a	single	
sequencing	run	and	reducing	sequencing	costs.	Each	sequence	ob‐
tained	can	 then	be	bioinformatically	assigned	back	 to	 its	 sample	
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Nilsson	et	al.,	2019;	Taberlet	et	al.,	2018).	Still,	 it	 illustrates	 that	




















Units	 relevant	 to	 the	question	 addressed	 (e.g.,	 removing	 intraspe‐
cific	marker	 variability	when	 the	 species	 level	 is	 desired)	 provides	
such	an	example,	and	will	critically	depend	on	both	the	marker	spec‐





assigned	to	an	 incorrect	taxon	due	to	 incomplete	or	 inappropriate	




































+ Inappropriate primers 







- Expected target (or non-target) taxa
- Building of a local reference database
- Pilot experiment
- Biological replicates
- Field negative controls
- Technical replicates
- Extraction negative controls
- Positive controls
- Technical replicates
- PCR negative controls 
- Positive controls
- Use of multiple primer set 
or in silico pre-evaluation of 
primers 
- Tagging system 
negative controls
- Filtering/clustering criteria and 
threshold adjustments based on 
all controls and replicates
- Taxonomic congruence with a 
priori expectations





exclus ion	of	 spurious	 signal	 and	 support	 the	 reliability	of	 the	bio‐
logica l	conclusions	 (Figure	1).	Amongst	 these	controls,	conducting	
pilot	experiments	 is	particularly	helpful	 to	assess	how	appropriate	
the	 sa mpling	 design	 is	 (Dickie	 et	 al.,	 2018).	We	 also	 recommend	

























they	w ill	 therefore	 allow	better	 tuning	of	 the	 filtering	 thresholds.	
All	of 	 these	 technical	 considerations	 should	be	precisely	 reported	





















controls	 (Perez‐Muñoz,	 Arrieta,	 Ramer‐Tait,	 &	Walter,	 2017)	 have	
been	 repeatedly	 criticized	 in	 the	 field	of	microbial	 ecology,	 and	 in	
the	 latter	 case,	 they	contribute	 to	 the	 rising	debate	about	 the	ex‐
istence	 or	 not	 of	 a	 womb	microbiota.	 Ancient	 DNA	 research	 has	
also	developed	 rigorous	 standards	 to	 tackle	 issues	 related	 to	con‐
tamination,	 sequencing	 errors,	 and	 data	 reproducibility	 (Poinar	 &	






mindful	 of	 the	 adage	 “better	 safe	 than	 sorry”.	 This	 note	 does	 not	
mean	to	imply	that	the	systematic	use	of	the	highest	technical	and	
analytical	 standards	 is	 reasonable	nor	 the	universal	 remedy	 for	all	
the	 challenges	 associated	 with	 DNA	 metabarcoding.	 Rather,	 we	
strongly	 encourage	 researchers	 and	 end‐users	 to	 adopt	 reflective	
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